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(57) A hydraulic drive system incorporating a hy- 
draulic pump (2) for three wheeled vehicles such as "pig- 
gy back" forklifts in which there are at least two separate 
but linked drives (11 and 1 2; 21 and 22; 31 and 32) form- 
ing one drive unit (10, 20, 30) for each of the wheels and 
each drive (11, 12, 21, 22, 31 and 32) has a separate 
input and output. Valving is provided to provide both par- 
allel and series operation of the system for optimum 
torque, speed and anti skid operation. In one preferred 
way of carrying out the invention a single drive unit (10) 
feeds one of the drives (22, 32) of each of the other 
drives. The hydraulic pump (2) feeds the single drive unit 
(10) and one of the drives (21, 22) of the other trans- 
verse drive units (20, 30). By-pass diverter valves (23, 
33) are fitted across the drives (22, 33) of the transverse 
drive units (20, 30). 
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Description 

This invention relates to a hydraulic drive system 
for three wheeled vehicles. 

Typically such three wheeled vehicles have three 
independent wheel drive shaft assemblies in an essen- 
tially triangular configuration namely one transversely 
in-line pair of drive shaft assemblies and a single wheel 
drive shaft assembly longitudinally spaced from the in- 
line pair. While there may be more than one wheel on 
each drive shaft whether side by side or spaced some 
distance apart such arrangements are still considered 
as three wheeled vehicles; the shafts and wheels being 
considered to be one wheel. Generally speaking the hy- 
draulic drive system comprises a hydraulic pump and a 
drive unit directly coupled to each of the drive shaft as- 
semblies namely a single drive unit and a pair of trans- 
verse drive units. 

The invention is particularly directed to hydraulic 
drive systems for forklift trucks and the like vehicles and 
in particular for forklift trucks such as are sold under our 
Trade Mark MOUNTY which can be carried from site to 
site on the back of vehicles, in what is known as a "piggy 
back" fashion. 

Our Irish Patent No. 65, 047 discloses a forklift truck 
having a hydraulic fluid supply divider for controlling the 
supply of hydraulic fluid delivered between an hydraulic 
pump and the front and rear wheel drive motors of the 
forklift truck. Essentially in this system the front wheel 
drive motors form the in-line pair of drive units and the 
rear wheel drive motor forms the single drive unit. This 
hydraulic drive system ensures positive drive to all 
wheels such as desirable in many off-road situations for 
example on building sites. In operation, the fluid delivery 
from the pump is split by a fluid divider between the front 
and rear wheels of the forklift truck. This fluid divider 
works well and is effective. In some conditions, it is dif- 
ficult to ensure exactly the same fluid supply to each of 
the wheels and some slippage can occur. 

For example a somewhat similar system is de- 
scribed in U.S. Patent Specification No. 5,201,570 
which describes what is suggested is a wheeled vehicle 
equipped with a simple and efficient anti-skid system for 
its wheels where restriction is placed on the supply con- 
duit of each hydraulic motor coupled to the rear wheels 
and a restriction is placed on the exhaust conduit of each 
motor coupled to the front wheels. This while reasonably 
effective does not overcome the basic problems in op- 
erating such vehicles and this U.S. Patent Specification 
together with our Irish Patent Specification No. 65, 047 
describe one particular way of solving this problem. 

Many other elaborate systems of control and oper- 
ation ol hydraulic drive systems have been devised and 
the inventions of U.S. Patent Nos. 3,952,511, 4,236,595 
and 4,635,743 typify the complex and costly arrange- 
ments 

European Patent Specification No. 547, 947 de- 
scribes an arrangement of an hydraulic drive system for 



a three wheel vehicle. In this hydraulic drive system 
there is the single drive unit formed from a drive provided 
by one hydraulic motor and the transverse drive units 
are provided by what are in effect two hydraulic motors. 

5 In fact the hydraulic motors are not separate hydraulic 
motors but indeed are the one hydraulic motor. Such hy- 
draulic motors are generally of the radial piston type 
where all of the cylinders can be fed periodically with 
fluid under pressure or else the feed of the fluid under 

10 pressure can be interrupted to some or all of the pistons 
which correspond to an intermediate capacity. Still fur- 
ther the cylinders can be separated to effectively form 
two separate motors a good example of this is described 
in U.K. Patent Specification No. 2,281,944. 

is In the hydraulic system of European Patent Speci- 
fication No. 547,947 the single drive unit as mentioned 
above is formed from one hydraulic motor and the in- 
line drive units are provided by two hydraulic motors 
such as those described in U.K. Patent Specification No. 

20 2,281 ,944. In this hydraulic system the hydraulic pump 
feeds one of the drives forming each of the transverse 
drive units through a shut off valve and also feed directly 
the single drive unit namely the single hydraulic motor. 
The single hydraulic motor in turn feeds the other drives 

25 of the transverse drive units and all the outputs of the 
transverse drive units are fed directly back to the hy- 
draulic pump. There is a permanent series arrangement 
of the drives. 

This while a relatively efficient arrangement does 

30 not overcome all the problems inherent in the use of hy- 
draulic motors with three wheeled vehicles and in par- 
ticular with three wheeled vehicles such as forklift trucks 
and in particular forklift trucks of the "piggy back" type 
which forklift trucks have relatively short wheel bases: 

35 thus, any variations between torques or speed applied 
to any of the wheels causes considerable difficulties in 
operation. Indeed an arrangement such as described in 
this European Patent Specification No. 547,947 does 
not operate particularly efficiently with such hydraulic 

40 drive systems and indeed requires an elaborate steering 
system to compensate for the turning of the vehicle and 
to prevent slippage between the various drive wheels. 
While it is an efficient system it is still somewhat com- 
plicated and causes difficulties in use. 

45 According to the invention there is provided a hy-. 
draulic drive system for a vehicle, having three inde- 
pendent wheel drive shaft assemblies in an essentially 
triangular configuration, namely a transversely in-line 
pair of wheel drive shaft assemblies and a single wheel 

50 drive shaft assembly longitudinally spaced from the in- 
line pair and, in which the drive system comprises a hy- 
draulic pump and a drive unit directly coupled to each 
of the drive shaft assemblies namely a single drive unit 
and a pair of transverse drive units characterised in that 

55 each drive unit comprises at least two separate drives 
directly coupled to each drive shaft assembly, each drive 
having a separate hydraulic input and output and in 
which valving is provided to feed hydraulic fluid to each 
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drive unit whereby the drive units operate in series or in 
parallel. 

The main advantage of this system is that it elimi- 
nates all the difficulties of skidding, wheel spin and the 
like: because of the arrangement there will always be 
sufficient torque transmitted to those wheels that are not 
on soft ground. By using a series arrangement a simple 
and effective drive system is provided. Ideally there are 
two separate drives in each drive unit. This particular 
configuration is extremely effective in that it allows dif- 
ferent speeds to be provided and in particular when op- 
erating in parallel the hydraulic system allows the forklift 
truck for example to be driven at sufficient speed over 
good ground. 

In one embodiment of the invention the hydraulic 
drive system is one in which there are two separate 
drives in each drive unit and in which the hydraulic pump 
feeds directly both inputs of the drives of the single drive 
unit and one of the inputs of each of the drives of the 
transverse drive units and in which one of the outputs 
of one of the drives of the single drive unit feeds the 
other input of one of the drives of a transverse drive unit 
and the other of the outputs of the single drive unit feeds 
the other input of the other transverse drive unit and in 
which the output of all the drives of the transverse drive 
units are returned directly to the hydraulic pump and in 
which a diverter valve is mounted across the input and 
output of each of the drives of the transverse drive units 
which are fed directly from the single drive unit. This has 
found to be an extremely efficient way of operating the 
hydraulic system. It has all the advantages simplicity 
and the fact that the system is quite clearly and neatly 
tied together in the one simple arrangement without the 
need for elaborate valving. 

In many instances each drive unit will comprise a 
hydraulic motor having two separate cylinder capacities. 
This type of motor as has been suggested above is par- 
ticularly advantageous and the cylinder capacities may 
be equal as this allows a doubling of speed for off site 
or more specifically for off site where the site is difficult 
terrain. There is no reason why the cylinder capacities 
can not be chosen for a different ratio thus for example 
when travelling on easy ground the hydraulic system 
could provide a speed three or four times that required 
on difficult terrain where maximum torque rather than 
speed is the principle requirement. 

In one particular embodiment of the invention a 
booster pump and associated non-return valving is pro- 
vided across the hydraulic pump and in which additional 
non -return valving is mounted across the outputs of the 
drives of the single drive unit and connected to the 
booster pump. The advantage of this is that while it is 
conventional to use such a booster pump to prevent cav- 
itation in a pump operating in a hydraulic system, by pro- 
viding additional valving and connecting the booster 
pump in effect across the single drive unit cavitation can- 
not occur when the single drive unit is feeding the trans- 
verse drive unit. The invention will be more clearly un- 



4 

derstood from the following description of a hydraulic 
system with reference to the enclosed diagrammatic 
representation of it. 

Referring to the drawings there is illustrated a hy- 

5 draulic drive system, indicated generally by the refer- 
ence numeral 1 comprising a hydraulic pump 2, a single 
drive unit 10 indicated generally by the reference nu- 
meral 10 and a pair of transverse drive units 20 and 30 
respectively. Each of the drive units 10, 20 and 30 is 

10 coupled directly to a shaft forming a drive shaft assem- 
bly. For a forklift truck of the "piggy back" type, the drive 
units 10, 20 and 30 each comprise two separate me- 
chanically linked drives 11 and 12; 21 and 22; and 31 
and 32 respectively. The hydraulic pump 2 has associ- 
ated therewith in conventional manner a booster pump 
3 and associated dump oil sump 4 fed through a valve 
5. The booster pump 3 is connected by a by-pass hy- 
draulic fluid line 6 to a pair of conventional anti-cavitation 
non-return valves 7. The by-pass hydraulic fluid line 6 

20 js connected through a further line 8 to a pair of addi- 
tional non-return valve 9 mounted across secondary hy- 
draulic fluid lines 44 and 45 which are referred to in more 
detail below. 

Across the drives 22 and 32 is mounted diverter 

25 valves 23 and 33 respectively. 

Before the various pipes and connections are de- 
scribed in more detail the significance of the terms "in- 
put" and "output" has to be appreciated. As used in this 
specification they are interchangeable in that what is the 

30 input when the vehicle is travelling forward becomes the 
output when the vehicle is travelling in reverse. Thus the 
term input and output is used for one direction of flow of 
the pump which is presumed to drive the vehicle to 
which the hydraulic drive system is attached forward 

35 and thus the term input is used in this context. Further 
none of the pipes or line connections have been de- 
scribed in detail and standard connectors, valves etc. 
are ignored but will now be described below, the mini- 
mum number of reference being used for clarity. The hy- 

40 draulic pump 2 feeds the drives 1 0 and 11 through pri- 
mary hydraulic fluid lines 40 and 42 as well as the drives 
21 and 31 through primary hydraulic fluid lines 41. The 
output of the drive 11 is fed directly by the secondary 
fluid line 44 to the drive 22 of the transverse drive unit 

45 20 and the output of the drive 1 2 is fed directly through 
the secondary fluid line 45 to the drive 32 of the trans- 
verse drive unit 30. Outputs of each of the drives 21 , 22, 
31 and 32 are fed through return hydraulic fluid lines 46 
and 47 back to the input of the pump 2. The diverter 

50 valves 23 and 33 are mounted in by-pass hydraulic lines 
48 and 49 between the secondary fluid lines 44 and 45 
respectively and the return hydraulic fluid line 46. 

In operation, with the diverter valves 22 and 33 shut 
the drives 11 and 12 are in series with the drives 22 and 

55 32 respectively and thus the whole three drive units 10, 
20 and 30 operate in series. According in the drive as- 
semblies wheel spin is prevented or more strictly poten- 
tial wheel spin is nullified. 
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When the diverter valves 23 and 33 are opened hy- 
draulic fluid by-passes the drives 22 and 32 respectivefy 
and thus the hydraulic drive system operates in parallel, 
as the drives 21 and 31 as well as the drives 11 and 12 
are all fed directly from the hydraulic pump 2 and return 5 
directly to it. This is particularly suitable for off site or 
when the terrain is not difficult. 

The advantage of providing the additional non-re- 
turn valves 9 is that if any cavitation were to occur in the 
secondary hydraulic fluid lines 44 or 45 the booster 10 
pump 3 will deliver additional oil into the system in the 
same way as additional oil is normally delivered into the 
hydraulic pump system. 

It will be appreciated that reversing the hydraulic 
pump causes the hydraulic drive system to operate in is 
reverse in the same manner as in the forward direction. 

While the drives have been shown as separate 
drives they would each normally be formed from the one 
hydraulic motor having two individual cylinders. The mo- 
tor would generally have two separate inputs and the 20 
one linked output. 

Generally each hydraulic motor comprises a plural- 
ity of cylinders having pistons: a pair of input ports and 
a separate supply line connecting each input port with 
a number of cylinders. In such an arrangement there is 25 
also usually the one output port and a return line con- 
necting all the cylinders to the output port. The cylinders 
are generally all of the same capacity and thus the 
torque can be varied by deciding how many cylinders 
will be connected to each input port. It is possible to have 30 
any arrangement of torques and speed though generally 
speaking the pumps are often divided into two separate 
drives of the same capacity. - 

The invention is not limited to the embodiments 
hereinbefore described which may be varied in both 35 
construction and detail. 



which there are two separate drives in each drive 
unit. 

3. A hydraulic drive system as claimed in claim 2 in 
which the hydraulic pump feeds directly both inputs 
of the drives of the single drive unit and the input of 
one of the drives of each transverse drive unit and 
in which one of the outputs of one of the drives of 
the single drive unit feeds the other input of one of 
the drives of a transverse drive unit and the other 
of the outputs of the single drive unit feeds the other 
input of the other transverse drive unit and in which 
the output of all the drives of the transverse drive 
units are returned directly to the hydraulic pump and 
in which a diverter valve is mounted across the input 
and output of each of the drives of the transverse 
drive units which are fed directly from the single 
drive unit. 

4. A hydraulic drive system as claimed in any preced- 
ing claim in which a booster pump and associated 
non-return valving is provided across the hydraulic 
pump and in which additional non-return valving is 
mounted across the outputs of the drives of the sin- 
gle drive unit and connected to the booster pump. 

5. A hydraulic drive system as claimed in any preced- 
ing claim in which each drive unit comprising a hy- 
draulic motor having two separate cylinder capaci- 
ties. 

6. A hydraulic drive system as claimed in claim 5 in 
which the cylinder capacities are equal. 



Claims 

40 

1 . A hydraulic drive system for a vehicle, having three 
independent wheel drive shaft assemblies in an es- 
sentially triangular configuration, namely a trans- 
versely in-line pair of wheel drive shaft assemblies 
and a single wheel drive shaft assembly longitudi- *s 
nally spaced from the in-line pair and, in which the 
drive system comprises a hydraulic pump and a 
drive unit directly coupled to each of the drive shaft 
assemblies namely a single drive unit and a pair of 
transverse drive units characterised in that each so 
drive unit comprises at least two separate drives di- 
rectly coupled to each drive shaft assembly, each 
drive having a separate hydraulic input and output 
and in which valving is provided to feed hydraulic 
fluid to each drive unit whereby the drive units op- ss 
erate in series or in parallel. 

2. A hydraulic drive system as claimed in claim 1 in 
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